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GEOLOGY AND SOILS

This section addresses geology, topography, and soils at locations within the Northwest Training Range
Complex (NWTRC) Study Area that may be affected by the proposed alternatives. Marine water and
sediment quality are discussed in Section 3.4 and terrestrial biological resources such as vegetation,
wildlife, and threatened and endangered species are discussed in Section 3.11.
3.1.1
3.1.1.1

Affected Environment
Existing Conditions

Introduction

Topography within the NWTRC Study Area is a complex of mountains, fjords, and coastal lowlands that
are the result of tectonic activity coupled with periods of glaciation, erosion, and deposition. The study
area is located where the edge of the North American continental plate meets and overrides the Juan de
Fuca oceanic plate along the tectonic boundary known as the Cascadia Subduction Zone. This zone is the
most extensive fault system in the Pacific Northwest. The two tectonic plates converge at a rate of about 1
to 2 inches per year (3 to 4 centimeters) (Melbourne and Webb 2003, McGregor and Offield 1986).
During the Pleistocene Epoch (1.8 million years ago to about 11,000 years ago), glaciers as much as
3,300 feet thick (1,100 meters) moved southward from the Coast Mountains of British Columbia and
carved out the Strait of Juan de Fuca and greater Puget Sound. The deepest basins were created in North
Puget Sound in and around the San Juan Islands. Approximately 15,000 years ago, the southern edge of
the last glacier receded, leaving the lowland covered with glacial deposits and glacial lakes, and revealing
the Puget Sound Basin (Burns 1985). Soils developed from the resulting glacial till that was moved by the
glacier (e.g., clay, silt, sand and boulders), and subsequently sorted and transported by glacial meltwater
runoff. Soil formation was also influenced by the moist marine climate and extensive coniferous forests
that developed.
In terms of geology and soils, relevant areas in the NWTRC Study Area include Whidbey Island, Indian
Island, and Naval Base Kitsap (NBK) Bangor, all in Puget Sound (Figure 3.1-1).
Geology, Topography, and Soils
Whidbey Island

Whidbey Island is characterized by gentle slopes, valleys, and ridges, with steep eroding cliffs along its
shoreline (Figure 3.1-2). Most of the upland areas of Whidbey Island are covered by gravel and cobble in
a clay-silt binder (known as “Vashon Till”) that covers older deposits from previous glacial advances and
retreats. The cliffs are composed primarily of highly erodible, unconsolidated glacial material ranging
from sand to boulders (DoN 2000a).
The parent material for much of the soil on Whidbey Island is coarse- to fine-textured glacial drift,
material that often covers the ground underneath the lower half (down-gradient) of a glacier. These soils
vary considerably in profile, texture, permeability, and consistency; some are loose and porous, while
others are hard and cemented. Soil drainage is moderately good to somewhat excessive. When
undisturbed, soils on Whidbey Island are not prone to erosion because of low annual precipitation, gentle
topography, and lack of strong winds; thunderstorms and cloudburst are not common. However, the bluffs
remain susceptible to erosion and have an estimated long-term erosion rate of six to eight inches per year
(15 to 20 centimeters) (SCS 1958, DoN 1996, 2000a). Two facilities on Whidbey Island are relevant to
prospective impacts from training activities – Seaplane Base at Naval Air Station Whidbey Island
(NASWI) and Naval Outlying Landing Field (OLF) Coupeville (Figure 3.1-2).
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Figure 3.1-1: Puget Sound
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Figure 3.1-2: Whidbey Island
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Seaplane Base at NASWI. Seaplane Base is located on Crescent Harbor within the town of Oak Harbor.
The base has about 15 miles (24 kilometers [km]) of shoreline, including sandy beaches, tidal flats, salt
marshes, steep bluffs, and modified and reinforced areas of rocks, boulders, and concrete (DoN 1996,
2000a). The demolition training range (DTR) at Seaplane Base is located on the eastern side of the base.
OLF Coupeville. OLF Coupeville covers about one square mile (2.7 square kilometers [km2]) in a
relatively flat area (0-5 percent slope) with no notable topographic features, no surface water bodies, and
no shorelines. The only development on the facility consists of a mile-long runway, a taxiway, control
tower, and other support buildings. Almost 70 percent of the land is cultivated or grassland. Soils are
primarily loamy sands or sandy loams and are generally moderately to well-drained. Soil erosion is not a
significant management concern at OLF Coupeville (DoN 1996, 2000a).
Indian Island

Indian Island is hilly and moderately sloped. The southern portion of the island reaches over 350 feet (100
meters) and has steeper slopes and bluffs (Figure 3.1-3). Indian Island and eastern Port Townsend Bay are
dominated by well-drained, gravely soils derived from glacial till, and often underlain by compacted till
or loamy sand. This material covers lower layers of glacial outwash sand and gravel, sandstone, and
volcanic bedrock. Erosion is slight to moderate (1-4 inches per year [4-10 cm]). Much of the shoreline
varies from mud flats to steep bluffs. The island shoreline is relatively free from armoring and consists of
sand spits, tidal mudflats, and steep, slowly eroding bluffs. Beaches are composed of cobble, pea gravel,
and sand. The island is separated from the mainland by the narrow Portage Canal and from neighboring
Marrowstone Island by shallow tidal flats and a sand spit (SCS 1975, Johannesson 1999, DoN 2000a).
Naval Base Kitsap Bangor

NBK-Bangor is located on Hood Canal, a fjord-like glacial trough to the west (Figure 3.1-4). The base
covers almost 12 square miles (30 km2), of which 2.3 square miles (6 km2) is developed and seven
square miles (18 km2) is forest. The area is part of the Puget Sound Lowland, a broad trough filled with
unconsolidated glacial sediments overlying volcanic bedrock. Glacial sediments are complex collections
of clay, silt, sand, gravel, and hard, gray, heterogeneous glacial till consisting of gravels and boulders
suspended in clay. Elevation ranges from 100 to 400 feet (30 to 120 meters). The southern part of the base
consists of nearly level glacial till deposits (“till plain”), with several north-south trending hills
(“drumlins”) formed by glaciers. The northern portion of the base is an upland plateau that has several
drainages that discharge to Hood Canal and Puget Sound. Soils are moderate to well-drained, although
often underlain by compacted or hardpan layers. Wetlands and ponds are common (SCS 1980, DoN 2001,
2000a).
Demolition Training Ranges

Demolition training ranges (DTRs) are designated areas and structures in which explosive ordnance
disposal (EOD) training is conducted. EOD personnel must re-qualify on a monthly basis to use
explosives. Per Navy requirements, the overall DTR area is relatively flat and 1,000 feet in diameter (152
meters) within which a 100-foot diameter area is cleared of all vegetation and combustible materials, and
a detonation enclosure is constructed at the center. The enclosure is roughly 20 feet square with walls that
are 8 feet (2.4 meters) high, 8 inches (20 centimeters) thick, and composed of wood or plastic lumber,
concrete, and sandbags. The interior of the enclosure is lined with an impermeable material to prevent
infiltration of constituents through the soil to water pathways. A 12-inch layer of sand (30 centimeters) is
placed over this impermeable layer. DTRs are also covered when not in use to prevent water intrusion
(DoN 2000b). These actions prevent the movement of ordnance constituents to soils beyond the impact
area. Site access is usually controlled by a perimeter fence, with additional security patrols operating
during training activities. DTRs are subject to routine testing and clearing actions. Because of the long-
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Figure 3.1-3: Indian Island and Surrounding Features
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Figure 3.1-4: NBK-Bangor and Hood Canal
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term use of the DTRs and repeated disturbances in these areas, little vegetation is present and the areas
are considered disturbed.
3.1.1.2

Current Requirements and Practices

Environmental compliance policies and procedures related to terrestrial habitats are regulated by a variety
of federal and state programs. For the Navy, these and other requirements are implemented by the Navy
Environmental and Natural Resources Program Manual (OPNAVINST 5090.1C, 2007) and related Navy
environmental guidance documents.
The Navy currently monitors and will continue to monitor the condition of soils and vegetation in its
operating areas. It also employs adaptive management to control erosion associated with the existing
roads and ranges (DoN 2007). In addition to the site-specific measures above, existing plans and policies
are in place to limit the effects of training on the environment at Seaplane Base Whidbey Island (DoN
1996). Current Navy protective practices for geological and soil resources include:

x

Locate ground-disturbing activities on previously disturbed sites whenever possible.

x

Ensure that all project work areas, including transit routes necessary to reach sites, are clearly
identified or marked. Restrict vehicular activities to designated/previously identified areas.

x

Continue to manage erosion control through the Site Approval Process, whereby the Navy
reviews each proposed project for its erosion potential, and involves the natural resource
specialist in the process.

x

Off-road vehicle use is not permitted except in designated off-road areas or on established trails.

3.1.2
3.1.2.1

Environmental Consequences
Approach to Analysis

Regulatory Framework

Federal properties and activities are required to comply with the Federal Soil Conservation Act (16 USC
590, et seq.). Specifically, federal land managers are required to control and prevent soil erosion by
conducting surveys and implementing conservation measures. The Sikes Act (16 USC 670, et seq.)
requires the Department of Defense to develop and implement natural resource management plans for all
military installations with land and water resources suitable for wildlife habitat. For instance, see the
NASWI natural resource management plan (DoN 1996). In addition, various Navy directives and manuals
require the development of integrated natural resource management plans for installations with suitable
habitat. Soils and soil conservation are included in these natural resource management plans.
Study Area

In terms of geology and soils, relevant portions of the NWTRC Study Area are those in which land-based
training activities occur. These include Indian Island, OLF Coupeville, DTR Seaplane Base, and DTR
Bangor.
Sources of Information

A systematic review of relevant literature was conducted to complete this analysis of geology and soils in
the study area, including journals, technical reports published by government agencies, work conducted
by private businesses and consulting firms, and Department of Defense reports, operational manuals,
natural resource management plans, and current and prior environmental documents for facilities and
activities in the NWTRC Study Area. The literature and other information sources cited are identified in
Chapter 9, References.
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Methods

Under all alternatives, military activities with potential impacts to soils may arise from: 1) direct
disturbance from ordnance explosions; 2) materials from those explosions that may contaminate soils; and
3) vehicle and personnel movements that may disturb or compact soils.
Soil Erosion, Compaction. In terms of soil disturbance, the main concern is erosion, the physical
displacement of soil, usually by rain, meltwater, runoff, and wind. Factors that contribute to erosion
include the characteristics of the soil, the length and steepness of the slope of the land, local climate
(especially wind and rain), and the type and extent of vegetative cover. Soils differ in the degree to which
they allow water to move down through them (i.e., to infiltrate rather than run off), and the degree to
which they hold together and resist being carried off (“erodibility”). Erosion is a natural process, but
when natural rates of erosion are exceeded, both on-site and off-site habitats can be adversely affected.
Disturbed surface layers and areas where vegetation is sparse or absent can expose soils to wind, rain, and
runoff that may lead to increased erosion. Left unaddressed, small channels (“rills”) can form into which
additional runoff is channeled and which can lead to accelerated soil loss, the formation of larger gullies,
and eventual habitat degradation. If areas are used frequently, damage to plants may become permanent
as plants are repeatedly trampled and soils repeatedly disturbed or compacted, preventing recovery. Soil
characteristics also influence their susceptibility to compaction, a condition than can also lead to degraded
habitat. An example is the use of heavy equipment in wetlands (NRCS 2008, Haan et al. 1994). Under
these conditions, a significant impact would result if training activities increase erosion to the point where
habitat degradation is imminent.
Soil Contamination. Several federal and state laws control the use, disposal, and clean-up of hazardous
materials. (See Section 3.3, Hazardous Materials, for more details regarding these laws.) In general, these
laws use an approach based on risks to human health from direct exposure or consumption, or risk related
to environmental degradation. For soils, a soil screening level (SSL) is established that combines toxicity
and exposure information with site-specific conditions. The SSL is the threshold at which further
investigation may be warranted (USEPA 1996). A significant impact would result if the SSL for a
contaminant is exceeded.
3.1.2.2

Impacts of the No Action Alternative

Activities under the No Action Alternative that may affect the soils include: 1) direct disturbance from
ordnance explosions; 2) materials from those explosions that may contaminate soils; and 3) vehicle and
personnel movements that may disturb or compact soils.
Explosive Ordnance Disposal Training

Table 3.1-1 summarizes the amount and size of the ordnance used at DTR Seaplane and DTR Bangor
under the No Action Alternative. Based on 102 training sessions per year, the total number of detonations
would be about 29 detonations per session, over half of which are 1.25-pound charges. In addition to C-4,
other explosives and explosive components include detonating cord, fuses, igniters, blasting caps, hand
grenades, and smoke grenades.
EOD training is conducted at designated DTR facilities located in areas that have been cleared of
vegetation and combustible materials (i.e., disturbed). EOD training would not occur outside of the DTRs.
The use of live explosives during EOD training creates craters in the sand that lines the enclosure.
Because the detonation area is contained within the structure, there would be no erosion in areas outside
the enclosure. The majority of blast debris is contained by the structure walls. A 5-pound explosion could
theoretically displace sand up to 1,075 feet (325 meters) beyond the structure in what is termed a
“fragmentation arc” (DoN 2000b). However, the largest charge used in the DTRs would be two pounds
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and the vast majority of any displaced material is contained within the enclosure. As a result, there would
be no measurable impact to soils outside of the immediate vicinity of the DTR.
Table 3.1-1: Size and Number of DTR Detonations – No Action Alternative
Training Location

Detonation Type
Detasheet C-2

DTR Seaplane Base

Percent of
Total*

800

27

Detasheet 2.0 lbs

240

8

C-4 – 1.25 lb block

1,476

50

C-4 – 2.0 lbs block

240

8

Subtotal

DTR Bangor

Number

2,756

Detasheet C-2

50

2

Detasheet 2.0 lbs

15

0.5

C-4 – 1.25 lb block

94

3

15

0.5

C-4 – 2.0 lb block
Subtotal
Total

174
2,930

* Numbers may not sum due to rounding

Detonation By-Products

The by-products of C-4 detonation include the following substances in gaseous or liquid form: nitrogen,
carbon dioxide, water, carbon monoxide, hydrogen, ethane, ammonia, propane, and methane (Renner and
Short 1980). Table 3.1-2 details the amount of each of these by-products by weight based on a 1.25-pound
charge. This size charge represents a little over half of all detonations under the No Action Alternative.
By weight, 78 percent of these materials are not harmful (i.e., nitrogen, carbon dioxide, and water). In
total, there would be 4.0 pounds (1.8 kg) released per activity at DTR Seaplane Base and 0.25 pound (0.1
kg) per activity at DTR Bangor. These materials could potentially contaminate the soils in the detonation
enclosure. However, all of these by-products will dissipate or evaporate in the open air and would not be
considered hazardous under those circumstances.
Table 3.1-2: Byproducts of C-4 Detonation – 1.25-Pound Charge
Byproduct of C-4
Detonation

Pounds
Released

Percent

Nitrogen

0.463

37.0

Carbon dioxide

0.313

25.0

Carbon monoxide

0.230

18.4

Water

0.205

16.4

Ethane

0.020

1.60

Ammonia

0.011

0.90

Hydrogen

0.004

0.30

Propane

0.003

0.20

Methane

0.003

0.20

Land-Based Training

Land-based training may impact soils through vehicle and personnel movements that occur during three
activities – EOD training, insertion and extraction exercises, and naval special warfare (NSW) training.
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Table 3.1-3 summarizes the number of each type of training and the number of personnel at each location
under the No Action Alternative.
Table 3.1-3: Number of Exercises and Personnel – No Action Alternative
Type of Training

EOD

Number of Annual
Exercises

Number of
Personnel

DTR Seaplane Base

96

575

DTR Bangor

6

37

102

612

OLF Coupeville (parachute)

31

479

Seaplane Base (HRST, SAR)*

67

426

Crescent Harbor (parachute)

10

160

108

1,064

35

245

Location

Total

Insertion-Extraction

Total
Indian Island
Total
NSW
* HRST – helicopter rope suspension training; SAR – search and rescue

EOD Training. EOD training occurs at DTR Seaplane Base and DTR Bangor. Each exercise lasts about
eight hours, includes six personnel, and occasionally involves use of a small truck. As noted above,
activities occur in an area previously cleared of vegetation, and detonations occur within a structure
designed to contain the blast. Based on the ordinary conditions at the DTRs and the limited number of
personnel and equipment involved, impacts to soils or vegetative cover would be negligible.
Insertion and Extraction Training. Insertion and extraction exercises involve delivery and withdrawal of
personnel and equipment using unconventional methods, such as by helicopter and parachute. Within the
NWTRC Study Area, insertion and extraction exercises occur at Seaplane Base, Crescent Harbor, and
OLF Coupeville (Table 3.1-3). At Seaplane Base, helicopter rope suspension training (HRST) activities
occur monthly throughout the base during which personnel are inserted into various areas from the air
without the need for the helicopter to land. These training activities involve a low-hovering helicopter and
approximately eight participants. All the participants maneuver briefly in the landing area; no vehicles are
used. Parachute training places personnel into an area undetected in order to conduct clandestine activities
such as surveillance or direct action. These activities occur at Crescent Harbor and OLF Coupeville.
Search and rescue (SAR) activities are included in insertion and extraction exercises at the Seaplane Base
Survival Area. In SAR, a helicopter lands and recovers a survivor, a role performed by one of five SAR
personnel. The helicopter approaches the survivor, lands at a suitable location, recovers the survivor, and
departs the area. Insertion and extraction training is infrequent, dispersed, and impacts to soils and
vegetation are temporary and brief. Based on these conditions, impacts to soils or vegetative cover would
be negligible.
Naval Special Warfare Training. Naval special warfare (NSW) training occurs on Indian Island and
involves covert off-road movement by four to six personnel. Teams arrive at the island either by boat or
by underwater craft, conduct training, and are retrieved two to three days later. Each exercise takes about
60 hours, occurs twice a year, and last two to three weeks each time. No vehicles are used on land.
Because of the covert nature of these activities, they are designed to leave no trace of the participants and
no impact on the terrain. Due to the low-impact, infrequent, and dispersed nature of these activities, no
impacts to soils or vegetation are expected.
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Impacts of Alternative 1

Explosive Ordnance Disposal Training

Under Alternative 1, there would be an eight percent increase in the number of explosions compared to
the No Action Alternative (from 2930 to 3,161) (Table 3.1-4). The number of training sessions would
increase from 102 to 110. As under the No Action Alternative, this equates to 29 detonations per exercise
and, as with current activities, 54 percent of the detonations would be from 1.25-pound charges. The
proposed increase in activity under Alternative 1 would not result in a measurable increase in impacts to
soils because all ordnance training occurs within the DTRs. No additional DTRs would be required.
Table 3.1-4: Size and Number of DTR Detonations – All Alternatives
Training Location

DTR Seaplane Base

No Action

Alternatives
1 and 2

Percent
Increase

Detasheet C-2

800

862

8

Detasheet 2.0 lbs

240

259

8

C-4 – 1.25 lb block

1,476

1,591

8

Detonation Type

C-4 – 2.0 lb block

240

259

8

2,756

2,971

8

Detasheet C-2

50

55

10

Detasheet 2.0 lbs

15

17

13

C-4 – 1.25 lb block

94

102

9

C-4 – 2.0 lb block

15

16

7

174

174

9

2,930

3,161

8

Subtotal

DTR Bangor

Subtotal
Total

Detonation By-Products

Under Alternative 1, there would be an eight percent increase in the number of detonations. However, as
with the No Action Alternative, more than half of the detonations are 1.25-pound charges and the
majority of the detonation by-products (78 percent) are not hazardous. Of the potentially hazardous byproducts, there would be 4.0 pounds (1.8 kg) released per exercise at DTR Seaplane Base and 0.25 pound
(0.1 kg) per exercise at DTR Bangor. However, because those by-products would evaporate or dissipate
potential impacts to soils are considered negligible.
Land-Based Training

DTR Training. Compared to the No Action Alternative, the number of annual EOD exercises at DTR
Seaplane Base and DTR Bangor under Alternative 1 would increase by 8 (eight percent) (Table 3.1-5).
The number of personnel participating would increase by 48 (eight percent; Table 3.1-6), and the number
of support vehicles would increase by one (from 12 to 13). Given the existing conditions at the DTRs, the
impacts of personnel and equipment on soils within DTRs would be negligible.
Insertion and Extraction Training. Under Alternative 1, there would be an 11 percent increase over the No
Action Alternative in the number of insertion and extraction exercises (Table 3.1-5) and a nine percent
increase in the number of personnel participating (Table 3.1-6). These increases in the number of
exercises and personnel would not result in measurable impacts to soils. As with the No Action
Alternative, the small number of activities, the variety of locations at which the activities occur, the small
number of personnel involved, the temporary and brief nature of the activities, and infrequent use of
heavy equipment would not adversely impact soils or vegetation. Given local climate and conditions, any
areas are expected to recover quickly from disturbance.
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Table 3.1-5: Number of Training Exercises – All Alternatives
Type of
Training

EOD

No Action
Alternative

Location

Exercises

Exercises

Numerical
Increase

DTR Seaplane Base

96

103

7

7

DTR Bangor

6

7

1

17

102

110

8

8

31

36

5

16

Subtotal
OLF Coupeville (parachute)
InsertionExtraction

NSW

Alternatives 1 and 2
% Increase
over No Action

Seaplane Base (HRST, SAR)

67

72

5

8

Crescent Harbor (parachute)

10

12

2

20

Subtotal

108

120

12

11

35

35

0

0

Total

245

265

20

8

Indian Island

Table 3.1-6: Number of Training Personnel – All Alternatives
Type of
Training

No Action
Alternative

Location

DTR Seaplane Base
EOD

DTR Bangor
Subtotal
OLF Coupeville (parachute)

Alternatives 1 and 2

Personnel*

Personnel*

Numerical
Increase

% Increase over
No Action

576

618

42

7
17

36

42

6

612

660

48

8

479

522

43

9

InsertionExtraction

Seaplane Base (HRST, SAR)

426

464

38

9

Crescent Harbor (parachute)

160

174

14

9

1,065

1,160

95

9

NSW

Indian Island

245

245

0

0

1,922

2,065

143

8

Subtotal
Total
* Ground personnel only

Naval Special Warfare Training. Compared to the No Action Alternative, there would be no increase in
the number of NSW training activities or any increase in the number of participants under Alternative 1
(Tables 3.1-5 and 3.1-6). Therefore, impacts to soils would be negligible.
3.1.2.4

Impacts of Alternative 2

Explosive Ordnance Disposal Training

There is no change in the number or size of detonations or the number of people involved between
Alternatives 1 and 2 (Table 3.1-4), therefore impacts to soils would be negligible.
Detonation By-Products

There is no change in the number or size of detonations between Alternatives 1 and 2 (Table 3.1-4),
therefore impacts to soils would be negligible.
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Land-Based Training

There is no change between Alternatives 1 and 2 in the number of activities or the number of personnel
involved in EOD training, insertion and extraction exercises, or naval special warfare training (Tables
3.1-5 and 3.1-6). Therefore, impacts to soils and vegetation would be negligible.
3.1.3

Mitigation Measures

As summarized in Section 3.1.4, impacts to soils and geology from the proposed actions analyzed in this
EIS/OEIS would not measurably decrease soil productivity or affect geologic formations or functions.
The Navy would continue to implement existing current requirements and protective measures, and no
additional resource-specific mitigation measures would be required. See Chapter 5 for additional
discussion of mitigation measures.
3.1.4

Summary of Effects by Alternative

The most likely sources of impacts to soils under all alternatives arise from explosions, the by-products of
exploded materials, and the movement of personnel and equipment. However, impacts from these
activities under the proposed actions would be negligible. Explosions are limited to DTRs specifically
designed for such purposes, and the amount of potentially hazardous by-products from such explosions is
small and quickly evaporates or dissipates. Personnel and equipment movements are infrequent, the
numbers involved small, and the locations dispersed. Table 3.1-7 summarizes the effects of the
alternatives.
Table 3.1-7: Summary of Effects – Geology and Soils
NEPA
(Land-Based Activities Only)

Alternative

No Action
Alternative
Alternative 1
Alternative 2
(Preferred
Alternative)

GEOLOGY and SOILS

x

EO 12114
(Non-U.S. Territorial Waters)

Activities would have temporary and spatiallylimited, short-term impacts.
No measurable long-term effects would occur.

x

Not Applicable

x

Impacts generally the same as No Action
Alternative.

x

Not Applicable

x

Impacts generally the same as No Action
Alternative.

x

Not Applicable

x
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